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Energy Crop Supply Chain

Demonstrate the establishment of a
dedicated biomass energy crop supply
chain with farmer

" AgResearch Extension

Commercialization

Develop a viable, sustainable, long-term
path to commercialization of cellulosic
biofuels in Tennessee

Scener, G
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$70.5 Million
State Commitment

Biofuels, Bioproducts R&D

Establish premier RD&D capabilities and
capacity in biofuels and bioproducts

$=BESC

BioEnergy Science Center

SunGrant

NG ISE LA DT . E

OAK
RIDGE

National Laboratory

Cellulosic Ethanol Biorefinery

Demonstrate the pre-commercial
production of ethanol from switchgrass

«YDDCE

DuPont Danlsce Cellulosic Ethanol LLC

Genera
energy
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Energy Crop Supply Chain / fommicai, Biofuels, Bioproducts R&D

Establish premier RD&D capabilities and
capacity in biofuels and bioproducts

Demonstrate the establishment of a
dedicated biomass energy crop supply

chain with farmer i Bt | b &4 o
f S N W O Y 4=BESC SunGrant

BioEnergy Science Center PN I TIA T IwW.E

I AgResearch i ‘ U vl o e ’A\. OAK
g Extension Pies o ® 9 : RIDGE

National Laboratory

Commercialization 2o o C 1 malR T =W Cellulosic Ethanol Biorefinery

Demonstrate the pre-commercial
production of ethanol from switchgrass

$70.5 Million eV DDCE %Genera
%Ggﬂg%y State Commitment G s kv SN

Develop a viable, sustainable, long-term
path to commercialization of cellulosic
biofuels in Tennessee
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« Well suited to the Southeast
— Currently, ~6-10 tons/acre in TN

— Potential for 12+ tons/acre

Warm season, native, perennial grass TR

Tolerates poor soils, flooding, drought

Highly resistant to many pests, diseases SRR Sm— “—»‘;,%J ‘W

— Low use of chemicals or fertilizers

1-2 year establishment
- — Weed control critical in establishment

::; « Works with existing infrastructure

m » May be removed, improves soil quality

~ o UT research focus for 20+ VEEES

T 1 - - vv«f

o
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» Contracting with local farmers to produce e
6,000 acres of switchgrass
— Nearly 3,000 acres harvested in 2009
— Added >3,000 acres in 2010
— 1,000 acres improved varieties

« UT/Genera contract with local farmers

— ~$450/aclyr for 3 years At

% — We provide seed, technical expertise L" )

4 — Separate storage contracts \(' (’

— Yield-based component in 2010 (ﬁ';‘/

./« Averaging about 8 tons/ac by 3'd year y”m

f — Harvesting ~2 tons in year 1 :‘
4 — ~5tons in year 2

— ~8tons year 3 and beyond

Copyright 2010, Genera Energy LLC, NOT FOR DISTRIBUTION



@ 2008 SFIP Contract
® 2009 SFIP Contract
® 2010 SFIP Contract
Copyright 2010, Generagfferay LLC, NOT SFDISTRIBUTION { S Prelimtinary, as of 5/21/10 |
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Energy Crop Supply Chain / fommicai, Biofuels, Bioproducts R&D

Demonstrate the establishment of a ¢ Y i | _ Establish premier RD&D capabilities and
dedicated biomass energy crop supply . gkt SR e B\ capacity in biofuels and bioproducts
chain with farmer [ B, -\ d ¥ | ° '
VRS Y P W - m SunGrant
/ ’ B 8 ! : b BioEnergy Science Center INITIATIVE

OAK

| AeResearch i - U N P4 Ve A .A : "‘.
g Extension Piae? i Nt Y RIDGE

National Laboratory

Commercialization 2o o C 1 malR T =W Cellulosic Ethanol Biorefinery

Develop a viable, sustainable, long-term mz (O [Py e Demonstrate the pre-commercial
path to commercialization of cellulosic ) » i production of ethanol from switchgrass

biofuels in Tennessee Ae=S
$70.5 Million eV DDCE %Genera

%Ggﬂg%y St at e C Ommi t men t DuPont Danisco Cellulasic Ethanol LLC
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Modify the plant cell wall — \5 ) ( C (“ Improve combined microbial
structure to increase v A I\ approaches that release
accessibility sugars and ferment into fuels

Bio€Energy Science Center

=

Enzymes

Microbe

Plant Cell 2 Lignin  ~ Hemicellulose — Cellulose
Walll

Both utilize rapid screening for relevant traits followed by detailed analysis of selected samples

%Genera
ENergy
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UT-CRC Research Focus C R C

Center for Renewable Carbon

Coordinate R&D in
renewable carbon systems

Create new conversion
technology

Support technology
demonstrations

Educate and train the new
workforce

Transfer science and
technology to a broad client
base

A ﬁ UT Institute of Agriculture, Knoxville, Tennessee
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Energy Crop Supply Chain / fommicai, Biofuels, Bioproducts R&D
Demonstrate the establishment of a ¢ - N | Establish premier RD&D capabilities and

dedicated biomass energy crop supply C o gl B\ capacity in biofuels and bioproducts

chain with farmer i Bt H L)
4§ S N W O Y 4=BESC SunGrant

BioEnergy Science Center PN I TIA T IwW.E

OAK

1 AgResearch i =1 b X '. (\
g Extension Pl » " ® \ one

National Laboratory

Commercialization 2o o .zt o Cellulosic Ethanol Biorefinery

Develop a viable, sustainable, long-term Ta " ¥ e 2 Demonstrate the pre-commercial
path to commercialization of cellulosic ) » i e production of ethanol from switchgrass

biofuels in Tennessee AES
$70.5 Million oV DDCE Ggﬂ(eara
%Ggﬂg%y State Commitment DuPont Danlsco Cellulosic Ethanol LLC rgy
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Collaboration between Genera Energy and , i,

& |

DuPont Danisco (DDCE)

Vonore, Tennessee: Niles Ferry Industrial Park,
Monroe County, 32 acre site

250,000 GPY demo plant and Process

f”‘ A Development Unit (PDU) pilot plant
» Optimized as precursor to commercial facility
-+ Started operations December 2009
{/! » Multiple feedstocks: cob & switchgrass
=% « |ong-term operation as an RD&D facility

T
==



Biomass Pre-treatment Enzymatic Fermentation Material Ethanal
canversions of sugars PREEOVETY
to sugars

Biomass boiler dgam
Pre-processed (chopped & milled) biomass arrives at the biorefinery
DuPont-developed pre-treatment technology opens the polymers for greater enzyme access

During enzymatic hydrolysis (or saccharification), Genencor-developed enzymes break down
cellulose and hemicellulose into component sugars

DuPont-developed fermentation technology converts sugars to alcohol

Alcohol is distilled into fuel-grade ethanol & co-products are recovered

Lignin can be burned for energy or used for other chemical and material products

Copyright 2010, Genera Energy LLC, NOT FOR DISTRIBUTION
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Initial Status
May 2008 Nov 2009

SELECT INPUT VARIABLES

Enzyme Cost (% of original)

Commercial
Target (2012)

CAPEX - 2008% per Gal

PROCESS RESULTS
Total process yield - Gal/T 85

90

Ethanol Titer - g/L 82

90

COM - $/Gal : <$2.00

$1.50

Soz?r:ce: DDCE presentation at DOE Biomass 201 0, 3/30/15

%Genera
Energy
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Energy Crop Supply Chain / fommicai, Biofuels, Bioproducts R&D
Demonstrate the establishment of a ¢ - N | Establish premier RD&D capabilities and

dedicated biomass energy crop supply C o gl B\ capacity in biofuels and bioproducts

chain with farmer i Bt H L)
4§ S N W O Y 4=BESC SunGrant

BioEnergy Science Center PN I TIA T IwW.E

OAK

1 AgResearch i =1 b X '. (\
g Extension Pl » " ® \ one

National Laboratory

Commercialization | C 1 malR T =W Cellulosic Ethanol Biorefinery

Develop a viable, sustainable, long-term Ta " ¥ e : Demonstrate the pre-commercial
path to commercialization of cellulosic .. » i production of ethanol from switchgrass

biofuels in Tennessee Ae=S
$70.5 Million eV DDCE %Genera

%Ggﬂg%y | State Commitment DuPont Danisco Cellulasic Ethanol LLC
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Effective 2010: Federal cellulosic fuels
mandate of 5SMM gallons
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Cellulosic Ethanol Production

Corn Ethanol RFS

0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

%Genera
Energy
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2022

60% of
biofuels
non-corn,
16 BGY
cellulosic




16B gallons
* Average 40 new

construction starts per

year by 2012 320 plants

300+ plants likely
operated on dedicated
energy crops or SRWC

S64B capital

18M acres
Requires > 2M acres/yr

NEW energy crops
beginning 2011

Meeting the 2022 RFS for Cellulosic Ethanol

%Genera
Energy
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Biomass Program ntegrated Biorefinery Platform
'BR PROJECTS Cick an $he project lbcatons fo see more informadion and locations are approximate
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Zeachem

® CharFuels
“ Atengoa

@

. Bluefire
Enerkem 1

s Myriard RangeFuels
® yerenium

@
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CONVERSION TECHNOLOGY PRIMARY PRODUCT
[q Select one... ’ l v I Select one...

PRIMARY FEEDSTOCK (0ch st PROJECT SGALE (D & st

L Agncultural Resdues ® Research and Development
9 Algae * Piot
ol Energy Crops ® Demaonstration

Uise the dp e neny & v argecss ectc © ey
g msw ® Commercal TN L e et e ) shade s by e
"' Forest Resources = Al G

= Al v avey nug o A (0 see e thty

Ok oo the doks ander PROECT SCALE and FEEDSTONY

— %Genera
| energy
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Currently have a patchwork of
state mandates
— Most have passed since 2004

— Ranges from 8% by 2020 (Penn.)
to 40% by 2017 (Maine)

— Wide range of approaches

* Disproportionate effect on
Southeast

— Heavily dependent upon coal

Southeast has the biggest

: — Most economical way to meet is
hurdle for compliance

with wind, geothermal, some

Biomass will be a key solar ... not an option for SE

solution for the Southeast * Federal mandate expected

%Genera
Energy
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Yield (Mg/ha)
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Integrated, efficient biomass supply chains
. spanning from the farm to the processor’s gate ...
are the foundation for all pathways and processes to create
biofuels, biochemicals, bioproducts, biomaterials, biopower, and bioenergy

Biomass Feetstocks BI(IIIIaSS lO!IISIIGS Biomass Pre-Processing

Copyright 2010, Genera Energy LLC, NOT FOR DISTRIBUTION


http://www.sxc.hu/browse.phtml?f=download&id=395160

Biomass Production & Harvest
Handling, Storage, Transportation
Pre-Processing & Densification

Value-Added Pre-Treatment

e il e I s i

e > o ~2

i Industnal rocessmg
_\\3ﬁ ;.-k\g __-" L&}

- ML i
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%Genell;gy
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> Haifvestiﬁ

Crop genetics

Improved establishment
Technical expertise
Tailored equipment
Seed availability

Risk management

%Genera
Energy
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Year-round supply
Minimize handling
Maximize bulk handling
Minimize storage loss
Maintain quality
Manage moisture

Increase bulk density

%Genera
Energy
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Particle size — coarse
chop to flour

Conveyance & flowability
Energy intensity

New systems, systems
integration

Multiple feedstocks

Packaging &
transportation

%Genera
Energy
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Growing
owing a Future of Clean Rencwable Energy

x]
7 Genera

g pssee’s Bi 3 1
Tennessee’s Biomass Innovation Park

Witness the beginning of a world-
class RD&D campus devoted to

PUrPOSE-Grown energy crops.

Tennessee's Biomass Innovation Park Thursday, July 29,2010

Telico Port o P tation: 1
T S e resentation: 1pm

tocaed et ot ioney | Groundhbreakdng £30 pm

nnnummmmmmunmmmmmmm
handling, storage, densification, pre-processing, and transporation for multiple feedstocks.
The Park will be operational by the end of 2010.

RSP w wﬁﬂ-‘hhﬂylﬂﬂ

RGenera

Paring i vl neer e site Wetch o dracione signge.For il parking dvecins, vk winagansresoerguret poundhrasg.

Tennessee's Biomass Innovation Part
L Integrating and Opti the Biomass Supply Chain §~

WG ora

124V

)
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» World-class RD&D campus * Multiple feedstocks
* Integrates entire biomass supply chain + Site for $5M DOE-funded high tonnage
- Harvest, handling, storage, densification, logistics bulk handling demonstration

* Pre-processing « Operational by end of 2010
* High throughput screening
and analysis

* Agronomics, plant genetics, production - Template for regional biomass depots
* Intermediate processing and conversion

» Strategic partnership opportunities

Copyright 2010, Genera Energy LLC, NOT FOR DISTRIBUTION



2011

2012

Phase | to be completed by the end
of 2010, incorporates $5M DOE grant
to demonstrate high-tonnage
switchgrass bulk handling system

Working with switchgrass-to-
hydrogen technology partner to
demonstrate pre-commercial scale
unit for power generation

Potential to develop/demonstrate
integration of novel pretreatment

Seeking grant funding (with UT) to
add biomass characterization and
analytical laboratories

Potential to expand footprint to
demonstrate gasification, pyrolysis,
other conversion technologies or
feedstocks




w
Genera

capital

%Genera
Energy
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Enhance the availability of Venture Capital in the
region to maximize the results of the tremendous
increase in research funding

Leverage State and Federal investments

Leverage national leadership available locally in
bioenergy project development

Utilize the assets of UTRF, UT and ORNL in the
commercialization of discoveries
* |nitially in the energy space

* Later, broader technology commercialization

Four Fund initial approach
* Fund I: Biomass Innovations |, LP
* Fund 2: REIT
* Fund 3: Clean Energy Fund

e Fund 4: UTRF Commercialization Fund




|/

Biomass Depot (hub and spoke) model for

supplying, storing, and pre-processing biomass New Generation I'-frocessing Cooperati.vg
feedstock integrates well with Genera’s ~ (federated cooperative model) for organizing
and aggregating biomass and retaining

value closer to the farm gate

TENNESSEE BIOMASS
SUPPLY COOPERATIVE

Copyright 2010, Genera Energy LLC, NOT FOR DISTRIBUTION



Proof of science

& &

Improving the economics
Optimizing systems
Environmental sustainability
Developing protocols, regulations
Consumer acceptance and use

Consistent, sustained, supportive policy
Access to capital

Biomass feedstock focus

=
2
;
X
b 4



www.GenerakEnergy.net
www.UTbioenergy.org

%Genera “ | §
en ergy Institute of Agriculture * Office of Bioenergy Programs 40
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Opportunities
for Crop Agriculture
in @ Bio Based Economy

Thomas F. Hughes, Verdant Partners LLC

Q/TENNESSEE

Alternative Fuels & Bioenergy Conference

Montgomery Bell State Park
Burns, Tennessee
August 16, 2010
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The Gift of the Mississippi River

V The Mississippi River
watershed encompasses
>40% of the continental
United States

V Providing fresh water for

a variety of uses, Mississippi River Drainage Basin
including agriculture

V Enabling efficient
transportation logistics

V Creating rich farmlands &
deep alluvial soils
deposited over centuries

VERDAINT



Regional Farmland Assets

V Farmlands are a
regional asset
(i.e. AR, MS, TN)
V Millions of acres of
productive land

<+ Large forests
< Pastures for animals and

|l Cropland B Woodland O Pasture |

Millions

o = N w N 4] [¢] ~ [oe] ©
| |

Acres

wildlife ’ R s o
<+ Wide array of Croplands Source: USDA 2007 US Census of Agriculture
V All driving an economy

The Mid-South states of Arkansas,
based on farm- grown Mississippi and Tennessee combined

: : offer approximately 8 million acres of
bIOIOg ICal prOd ucts woodlands, 7 million acres of pasture,

and >20 million acres of cropland
— ALL producing biobased plant materials

VERDANT



A Farm Production "Machine”

V Agriculture is our
economic engine

V Powered by farmland

V' Annual production of
row crops, woodlands,
& pasture based on

< Productive soils

< Abundant rainfall

<+ Long growing seasons
<+ Farming expertise

< Market infrastructure

V Subject to annual supply
& demand cycles

15.000 - AR-MS-TN Planted Acres

12,000 A

9,000

6,000

Planted Acres (thousands)

3,000
@ Soybeans B Cotton OWheat ORice @ Corn

0
1985 1990 1995 2000 2005 2010

VERDANT



Crop Shifts - Southern Ag in Flux
V Crop plantings shift for a reason
< Market price and value opportunities Corn »Cotton
< Rotations to maintain productivity ’
<+ New technologies adapted to New Crops Soybeans

add value or reduce costs ‘ l
; ” i Wheat

V “Biomass” crops now an alternative
to standard food, feed & fiber crops

<+ Non-food crops and crop residues

< Risk and cost management economics '

< Switchgrass, canola, sweet sorghum, woody crops, miscanthus
<+ Envisioned for fuels, energy, industrial chemicals, biomaterials

V Renewable feedstocks through sustainable production

o e NN NASREANGE

A .F! 'T‘N ‘E S







The Path to Market

V The “0Old South” was based on King Cotton & included

<+ Seed genetics & crop production technology

« Farming infrastructure, education & know-how

<+ Adaptable markets (price discovery & merchants)

<+ Processing technologies (i.e. cotton gins, textile mills)

<« Consumer marketing & sales

» Overlaid with logistics, workforce dev, regulation & Policy

.: .

L Merchants )
Innovation, Investments, R&D, Policy, Requlatory Logistics, Education & Workforce Dev >

L Consumers

V The “South of Tomorrow” will likely include a wider
array of crops — each with similar market models

VERDANT



Bio Opportunities

Supply

)
+ New markets for agriculture production ."‘

o
hS

- Fulfill new & underutilized processing capacity
<« Community jobs & economic engines

V Demand
<+ Growers need sustainable, profitable crops

<+ Refineries want alternatives to petroleum
< Consumers demand “green” products

o

» National Security warrants food, energy &
industrial products independence

V We have the resources now

< The agricultural market is ready for change

<+ New use and conversion technologies evolving

< Consumers are ready

< Capital available for investments

VERDANT




e
Bio Challenges

V Supply
< Farm productivity learning curves |
<+ Breeding, biotech, education , ‘trbkisoe

-

< Processing technology advances
e Mechanical, chemical, biochemical g==

+ Logistics & distribution '
V Demand

<+ New crop market development

< Co-products vs. by-products

< Proven good for the consumer
V Network communications

< Private, government, NGO, industry

V Policy, regulations, & political climates

VERDANT




New Crops — Who Moves First?

V Breeders can develop new genetics, but will there be
a customer base for their products?

V Growers have resources to grow new crops;
but will there be a market for their harvest?

V Processors can build capacity, but will
there be a reliable supply of feedstocks?

V Consumers want products that make
economic and environmental sense

V Policy Makers must use good science to regulate
and enable alternatives

V EVERYONE moves first by communicating and work

together toward common goals
VERDANT



Verdant Partners

e Business Brokerage
e Mergers & Acquisitions
e Divestitures
e Joint Ventures
e Strategic Alliances
e Technology Agreements
e Consulting
e Strategic Business Plans
e Crop Genetics market models
e Financial Evaluations

Verdant Partners LLC
1016 W Poplar Ave. Ste 106-308
Collierville, TN 38017

Telephone (901) 854-4807
Fax (901) 854-4520
www.verdantpartners.com
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-BioDimensions-



Development of Sweet Sorghum
as a Sugar and Energy Crop

Tennessee Alternative Fuels & Bioenergy Conference
August 16, 2010

Randy Powell

A
[ BioDime



Q Biol

BioDimensions is a Memphis-based consultancy and

business development firm focused on crop diversity,
facilitating farmer-owned processing, and
the development of biobased products.
www.biodimensions.net



The Petrochemical Economy

Source: Top Value-Added Chemicals Report

Raw Commodity Secondary commodity . ais
Lerial chemicals chemicals Intermediates Finished Products and Consumer Goods
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Cycle Times for Feedstock Renewal

Algae 1 month
Agricultural Crops 3 months — 1 year
Grasses 1 year

Shrubs 1-5 years

Trees 5-80+ years

Oil, gas, coal (Fossil) 200 million years

Source: Amidon, Tom, et al. Industrial Biotechnology, 2(2):113-120, 2006

All feedstocks derive from solar energy.
Fossil feedstocks are finite resources on a human timescale.
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What will replace Fossil Feedstocks?

Major Biomass Feedstocks

Feedstock Key Chemical Component(s) Crop Examples

Qils Plant oils: triglycerides Soybeans, Canola, Sunflowers, Algae
Starch Sugar polymers (polysaccharides) Corn, Barley, Grain sorghum

Sugar Sucrose, glucose, fructose Sweet sorghum, sugar beets, sugar cane
Lignocellulose Lignin, cellulose, hemicellulose Wood, crop residues, switchgrass

Source: Regional Strategy for Biobased Products in the Mississippi Delta, Battelle, 2009.

Our conclusion: Sugar is the “new oil.”



The (Carbohydrate) Bioeconomy

Biomass
Feedstocks

Biobased

Starch Syn Gas

Hemicellulose

Sugars
Glucose
Fructose
Xylose
Arabinose
Lactose
Sucrose
Starch

Cellulose
Lignin .
oil |

Protein -

A
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Intermediates

Products/Uses

Industrial

Comosion imhibitors, dust controd,
boier water treatment. gas
purfication, emission abatement,
specialty luorcants, hoses, ssals

Tramsportation

Fuels, cxygenates, ant-freezs, wiper
fuids moded plastics, car seats, belis
hoses, burngers, comosion inhibitors

Textiles

Carpets, Fibers, fabrics, fabnc
coatings, foam cushions, upholsieny,
drapes, lyera. spandsx

Safe Food Supply

Food packaging. preservatives,
fertlizers, pesticides, beverage
boties. appfances. beverage can
coatings, vitarmins

Envircnment
\Water chericals, flocculants,
chelators, cleaners and detergents

Communicaticn

IMolded plastics, computer casings,
optical fiser coatings, liquid crystal

displays. pens, pencils. inks. dyes.

paper products

|Hc-u5ing

Paints, resins, siding, insulaton,
cements, coatings. vamnishes, flame
retardents, adhesives, carpeting

Recreation

Footgear, protectve equipment,
camera and film, bicyc's parts & tres,
wet suits, tapes-C0's-0OVD's, golf
equipment. camping gesr. boats

Health and Hygisne

Plastic eyegasses, cosmetcs,
deterpents, phammaceuticals, suntan
lotion, medical-denta products,
disinfeciants, aspirin




Regional Strategy for Biobased Products
N

/

New sugar crops
and processing

/

Four recommended
near-term
bioprocessing
opportunities for

the region \
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New Sugar Crops for the mid-South Delta

BioDimensions is developing sweet sorghum & energy beets as sugar feedstock crops

 Sweet Sorghum * Energy Beets
— Year 2 of development program — Multiple variety trials w/ 1 firm
— New variety trials w/ 2 firms — 20 acre “commercial” plot for
— Expanded processing trials Fall 2010 processing trials

¥

Whiteville, Tennessee; July 2010

W - Je s
2009

NG e 58 W
-8” Sorghum billets, Octo

)
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Key Issues for Sweet Sorghum Introduction

 Agronomic development

* Product and market development for industrial sugar

* Processing development & demonstration
— Initially targeting decentralized rural processing facilities
— “Hub and spoke” model for product consolidation



Sweet Sorghum Agronomic Development:
* An efficient C4 photosynthetic crop

* High yield potential (sugar, lignocellulose)

e Easy substitution in existing annual rotations

* Drought tolerant & low inputs

* Evaluating open pollinated and hybrid varieties

* Harvest flexibility with
staggered planting
* Grain and sweet sorghum
grown by region farmers
for many years as a boutique crop

BioDimensions
¢ )



Product & Market Development

On-road fuel (anyhydrous ethanol)

— Memphis is major fuel blending location (river, pipelines)
Off-road fuel (hydrous ethanol, 95%)

— Large Delta market for ethanol irrigation engines

Industrial sugar feedstock

— Chemicals by fermentation technologies
e 1,3-PDO; Succinic acid; biobutanol; ethylene glycol
— Much higher value than fuels

Lignocellulose residues for feed, solid fuel, and
hydrolysis sugars



On-road Fuel Ethanol

Syrup evaluation at regional
corn ethanol plants as
alternative feedstock

New anhydrous ethanol plants

N
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Off-Road Fuel: Hydrous Ethanol Irrigation Engines

BioDimensions is developing hydrous ethanol (95%) as off-road fuel for
the mid-South Delta with collaborator AmeriFuels (Kearny, Nebraska)

AmeriFuels hydrous ethanol engine
: , A currently in irrigation service at

Z.é{g% g Weaver farm, Edmondson, AR.

- S First mid-South installation.

) _ ,
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Irrigation Fuel Opportunity in the mid-South Delta

Acres of Irrigated Land
as Percent of Land in Farms Acreage: 2002

Percent

| Lessthan1
1-4

[ ER

B 10-24
25-39
40 or more
o
. a United States

5.9 Percent

02-MO81
D U.S Department of Agricutire, National Agricultral Stabistics Sarvice

Over 114 million gal/yr hydrous ethanol demand potential for irrigation in AR, MO, MS, TN.
Potential for 228,000 acres sweet sorghum and/or energy beets at 500 gal/acre ethanol.

N
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Industrial Sugar Feedstocks for Chemicals
New fermentation organisms are now emerging from R&D

lf( MYRIANT

TRCHNOLOGIES

Chemisty refined.. natualy!

A
GQ BioDimensions
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AOCA-COLA LAUNCHING

| isbuying sugar and molasses from Brazil.

BIOBASED BOTTLES

Coca-Cols says polyethylene terephthalare’ s
(PET) bottles incorporating sugar-derived ™
raw materials are starting to hit store
shelves. To make the plastic, the company

ardhaving an undisclosed chemical
firm convert these raw materials
into ethyiene glycol, which is po-
lymerized with terephthalic acid o
make PET (C&EN, May 25, puge 9).
The company is using the bottles in
Denmark; will launch them in west-
ern Canada in December; and plans
tatest them in Los Angeles, San
Francisco, and Seattle in January.
Coca-Cola’s aim is to make 2 billion of
the bottles by the end of next year.—ANT /
/

(

> CHEMICALS STAR AT
BIOTECH CONGRESS

INDUSTRIAL BIOTECHNOLOGY:
Firms tout progress toward cost-
competitive renewable chemicals

many companies at the World Congress on In-

dustrial Biotechnology & Bioprocessing, held
last week outside Washington, D.C, As start-up firms
search for elusive profits in industrial biotech, they
are finding that making high-volume chemicals can be
more Jucrative than trying to compete with gasoline.

“Blofuels were really hot two or three years ago, but

over the last few years, firms have come to realize that

c HEMICALS, NOT FUELS, were the focus of

Genomatica it is very difficult to make money just on fucl,” observed
duces 1,4- Andrew L. Shafer, executive vice president forsalesand

ﬁz;l:nedlnl. 5 marketing development at Elevance Renewable Sclences.

fe mmm tanks, A specialty chemical start-up, Elevance uses olefin

2l red ‘I‘“ " H Lo ap o)

BIOTECH CHEMICALS

Proponents of biobased intermediates get started
on plans to COMPETE WITH PETROLEUM
MELODY VOITH, CREN WASHINGTON

COMPANIES at the World Congress on
Industrial Blotechnology & Bloprocess-
ing, held in Washington, D.C., Jate last
month, all claimed to have the formula for
biobased success. More and more, that
formula includes high-volume chemical
products.

ize a new manufacturing process will be
difficult at best.

“It's a tough time for companies that are
trying to scale up and are looking for sig-
nificant infusions of capital," said Damien
Perriman, vice president of business de-
velopment at biobased-chemical firm Ver-




Lignocellulose residues for Feed & Fuel

Sweet sorghum bagasse blending for bulk feed,
Rawhide Feeds, Whiteville, TN

Pellets contain 12% protein;
7356 BTU/Ib; 6.63% ash.

Sweet sorghum bagasse

Planning bagasse pellet feeding trials at two Universities
and evaluating potential as fuel pellets.

Sweet Sorghum Bagasse Pellets
Tim-Bo Feeds
October 2009

n
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Sweet Sorghum Processing Development

Key Technoloqgies for Commercial-Scale Biorefineries:

Cost-effective and replicable mechanized harvest and juice extraction

Demonstration of rural site juice concentration/stabilization
Demonstration of rural site juice fermentation

Demonstration of rural site ethanol distillation/dehydration systems
Development of value-added bagasse options (feed & fuel)
Development of value-added vinasse disposition options
|dentification of off-season feedstock and/or processing options



BioDimensions 2009 Sweet Sorghum Trials

Location: Cedar Chapel cotton gin site, Whiteville, TN
Supported by eight major collaborators (in-kind contributions)
18 total trial days: September 22 — December 4

— 12 trial days collecting full yield and extraction mass balance data

Harvested 13 acres from 2 dryland fields
— 2 varieties (M81-E & Keller); billets and forage-chopped

Crushed 48 tons cane

— Recovered 20 tons juice & 16 tons bagasse
Fermented 30,000 Ibs juice in 14 batches
Conducted feed & pelleting trials with bagasse



2009 Harvesting & Crushing

Case New Holland prototype sweet sorghum
harvester — cutting 6” polished billets

Harvester provided courtesy
of Case New Holland

Fulton 18” x 30” 4-Roll Mill

Mill provided courtesy of
Fulton Iron & Manufacturing LLC

R‘L-—
FULTON
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2009 Trial Key Observations/Conclusions

Crop yields: 20.8-40.1 tons/acre; lodging is an issue
Prototype harvester and 4-Roll mill performed excellently
Full material balance & extraction yields at commercial scale
Billeted cane preferred for handling and roll mill crushing

— Less pulp & fines; higher extraction ratio
— Billet sugar is stable for 24-48 hours

Must “macerate” bagasse for effective second crush
Bagasse is easily pelletized without binders

2009 Results presented at
SSEA Annual Conference,
Orlando, January 2009 weer Sorght YT



BioDimensions 2010 Pilot Plant:

Sweet Sorghum Processing Trials

Gin site and equipment provided by collaborator Willie German Farms

{




2010 Pilot Plant Collaborators

R TAY
FARM.;

Somerville, TH

Q BioDimensions
?*‘\

mS, [ B
Mid-South

Case New Holland V=S OULLLL
Community College

AmeriFuels Energy Solutions

PROTAN. Ar

luidhandling mms 1 8./ LITER)

Pilot Plant supported by a grant from the United Sorghum Checkoff Program:
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AGBIO

MANUFACTURERA M
DE IMPLEMENTOS . b

Rawhide
Feed Mill

Whiteville, Tennessee

IFWTED SORGHIM
CHEGKOFF PROGRAM



2010 Sweet Sorghum Pilot Plant Scope

* Harvesting trials — 160 acres; M81-E/9 experimental varieties
-Collaborator Case New Holland will provide billet & forage harvesters

» Extraction trials — 8 hrs/day x 5 days/wk (16 wks)

-Sugar cane roll press provided by Mexican collaborator

e Juice and syrup sales
-Offtake agreements for 556,000 gal juice (788,000 Ibs sugar)

* Ethanol fermentation/distillation R&D trials
-Modular R&D still; hydrous alcohol for industrial engine to power mill

e Bagasse bulk feed & pellets for feeding trials
-2000 wet tons to be processed by collaborator Rawhide Feed

» CAPEX S150K; expect to break-even on operating cost

4\
\
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2010 Sweet Sorghum Pilot Plant PFD

Sweet

Sorghum Cane Juice

— =3 | Raw Juice

6300 HDPE
Strainer

Roll Mill ‘l’

Bag Filter

V

Filtered Juice

é é Syrup Beer
500 gal/week
v Thermal
Evaporators

Lw-—véﬁ ¢

20 tons/day 5200 gal/day 200 gal/wk Distillation

Bagasse Juice Ethanol Engine Hydrous
Feed/Pellets Process Power Ethanol



2010 Sweet Sorghum Pilot Plant Layout
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@ & ©
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Equipment Legend
BE — 2500 gal. beer tank (HDPE) @

E1 - 85 gal. evaporator (SS)
E2 — 120 gal evaporator (SS)
FJ- 6300 gal. filtered juice tank (HDPE) C;;;g'

]

O

Juice
Tanker

FM- 750 gal. jacketed fermenter (SS) | | i
HJ- 900 gal. hot juice tank (SS)
HW -850 gal. hot water tank (SS) Mill feeding area w/ skid steer

RJ — 6300 gal. raw juice tank (HDPE)

s19|g

2

asseSeg

RP — Roll press
S- Continuous screen Billet pile area RP
S1 - 125 gal. batch still (propane)

S2 — 2 gph Allard continuous still
SY — 1200 gal. syrup tank (SS)

V- 500 gal. jacketed vinasse tank (SS)
WW- 3000 gal. warm water tank (HDPE) Scale House

Truck scale




Summary
Ultimately it’s all about Sustainability:

“[Consuming] substances that are easily regenerated within
time frames that are accessible to the human lifetime.”

“The ability to maintain the development of the quality of life while
not compromising the ability of our progeny to do the same.”

Paul Anastas & John Warner
Green Chemistry: Theory and Practice, 1998

“Learning to live off the sun in real time.”
Rudy Baum, Editor-in-Chief
Chemical & Engineering News
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Charles Aiken

-Buckeye Technologies-



Buckeye Technologies
Sustainability and Growth

Tennessee Alternative Fuels
and Bioenergy Conference

SUCKEYE



The diversity of our product mix is a Soeci

: . pecialty
strength which as helped us navigate Fibers
through the current economic downturn 08%

Nonwoven Specialty Fibers

Materials Fluff Pulp Chemical Cellulose Customized Fibers

32% 20% 35% 13%

;> %‘ e
Ethers (Thickeners) Filters

UltraFiber
500®

Wipes Baby Diapers Tire Cord/

Table Top Femcare LCD Screens Food Casings Currency
Papers
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Geographic Diversity

1,444 Employees

Tennessee O<> B Germany
@)
o North Carolina
Switzerland
A Europe 4
i 240
Canada/ BC aics 34%
Q &) .
+ Asia
North America [ * 14%
45% A Beljing
N < South-America
onwovens oltes
494 Brazil Other

Corporate Headquarters B
Cotton Cellulose

Converting

3%

Wood Cellulose
°

Intl. Sales Office
°

Based on fiscal 2009 Sales

66% of sales outside US
78% of sales produced in US




Net Sales

* Diversified product mix and reduced reliance on fluff pulp
* Grew sales 30% from 2002 to 2008 (CAGR ~ 3.8%)
2009 impacted by recession, but 18.9% better than 2002

$900
$850
$800
$750
$700
$650
$600
$550
$500

4 $826

=38% |

R = |

+ “ ChG $769 |
| $755

$728

$713

Net Sales ($ Millions)




Resource Utlilization

* Fossil Fuel Use —reduced by 11% since 2003

* Biomass supplied 80% of Buckeye’s total energy

requirements in 2008

Renewable Energy

Fossil Fuels
16%

* Water Consumption —reduced by 1.1 billion gallons

since 2003



Buckeye’s Sustainability Goals

By the year 2015, we intend to:
» Reduce our fossil fuel usage by 10%
» Reduce our use of purchased electricity by 25%

* Reduce our greenhouse gas emissions from
fossil fuels and purchased electricity by 15%

* Reduce water usage by 5%

(measured on a “per ton” basis, using 2007 as the baseline year)



Florida Site Energy Vision

Electrical Independence UF Pilot Plant

* $45mm investment to increase renewable energy Partnership with University of Florida

to 95% Cellulosic bio-refinery
+ Save equivalent of 200,000 barrels of oil/year « Input = Biomass

* Reduce 87,500 MT of CO2e
« $7.4mm grant from State of Florida

Output = Ethanol/Organic Acids

r
: Fossil Fuel Independence
: * Increase renewable energy to 100%
|
I
I
I
[

« Save equivalent of 250,000 barrels of oil/year
* Reduce 100,000 MT of CO2e

1
Bio-Refinery :

* Bio-fuels :
i

1

|

1

* Bio-polymers
* Dependent on regulation, technology, and partnership(s)

fe=========7
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Electrical Independence

Eliminate 200,000 Barrels of Oil/Yr.

600# Steam
Concentrators >

Black Condensing
. Turbine
quuor Generator
Economizer
Fossil > Condenser T 12MW
0SS Process
8F5U(e)(|)0 Electricity
Barrels/yr
Biomass >

Reduce

Low Pressure Purchased
Steam to Process  Power
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Fossil Fuel Independence

Eliminate 250,000 barrels of Oil/yr
Green Power Sold to the Grid

Syngas
> Kiln

-250,000 barrels/yr

q q Condensing
Turbine 4
Syngas Generator Power
Boiler 13 MW
Condenser
A A A
Fertilizer, Mill Waste: Tree Waste: Energy Crops:
-Knots and Shive -Tops -Energy Cane
-Sludge -Stumps -Eucalyptus

-Unburned Ash -Algae
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; Biorefinery
Biofuels/Chemicals

Power
Yo e

Waste Heat
Waste Heat
Waste/Process
Streams

Biofuels Biopolymers Pulp

Gasifier

Biomass
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UF PILOT PLANT — CELLULOSIC BIOREFINERY

Raw Materials

* Agricultural, Forestry
and Municipal
Residues

» Opportunity Streams
from Buckeye

 Biomass Production
» Bagasse
* Forest Understory

* Mixed Hardwood
Chips

Size: 3-5 tons of cellulosic biomass/day
Estimate 600 tons per year.
3000 gal water/yr, 18 gal/h

If run all the time, 1,750 tons year.

UF-BKI

Partial Saccharification

BKI
Waste/Process
Stream

- 200 gal ethanol/day (70,000 gal/yr)

UF

Lignin
Fertilizer
Co-products

Chemicals,
Plastics

UNIVERSITY of

FLORIDA
IFAS




Cottonwood Energy Cane Eucalyptus



WHAT DOES BUCKEYE OFFER?

SUCKEYE



 Demonstrated commitment to sustainability
* Positive vision of the future
* Resources and Assets
« Knowledge - Cellulose chemistry expertise
 Biomass boilers and turbine generators
» “Green” power to sell
« Carbon credits, renewable energy credits
« Access to biomass —relationships with suppliers
« Water and wastewater treatment

« Willingness to partner

SUCKEYE
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